IntRoductIon
Wood has some undesirable features, such as dimensional movement and susceptibility to deterioration, therefore having limited suitability for use, when good stability and high natural resistance to xylophagous organisms are required. Thus, knowing the natural resistance of wood beforehand is important to recommend the most appropriate employment of the material, avoiding unnecessary expenses with maintenance or deteriorated parts replacement, reducing impacts on remaining natural forests (Paes et al., 2004) . Since the wood of most fast growing species show low biological resistance, it is necessary to use chemical treatments to improve its durability.
Although active ingredients emission of such products is low, after its fixation on the wood, the technique is generally seen as environmentally unfriendly (Homan et al., 2000) . This way, thermal modification (or thermal treatment) has been used to give greater resistance to fungal degradation and greater dimensional stability to wood. It is considered an environmentally correct technique, since the thermal modification of wood produces a new material that, in the end of the product's lifecycle, is less environmentally hazardous than untreated wood (Borges and Quirino, 2004) . Quirino and Vale (2002) recorded that higher dimensional stability comes from the hygroscopicity decrease, by degradation of the most hygroscopic component, which is hemicellulose. Thus, reducing the capacity of wood to exchange water with the environment, shrinkage and swelling problems are minimized (Borges and Quirino, 2004) . Most authors usually relate the biological resistance of wood to the degradation caused by decay fungi the number of studies involving xylophagous insects is small. Fungi attack wood in contact with the soil or in humid environments. The wood, when exposed in places far from the soil or humidity, is free from attacks of these organisms; however, it is susceptible to insect attacks, especially termites (subterranean or dry wood). Subterranean termites are responsible for the greatest amounts of wood loss (Paes et al., 2003 (2000) and Paes et al. (2007; 2010; 2011; 2013) Pincelli et al. (2002) , with conifers and hardwoods. This heating rate was adopted in order to avoid fissures and cracks on the studied specimens. The thermal treatment was initiated at room temperature (30 °C), and the time used for the temperature raise until the heating ramp was 40 minutes. Different temperatures were needed to start the heating ramp, because of the studied species and the adopted different temperature ranges (Table 1 ) and 100 °C (control).
Initial humidity of specimens for thermal treatment was 12% ± 2%. The time specimens remained in the heater after reaching the final temperature of the heating ramp was called Final Level with a variation of ± 2 °C min -1
.
After the heat treatment process, only the heater's air circulation system was kept on, until it reached the temperature of 30 ºC. The thermal treatment process was carried out in five or six temperature ranges (Table 1) . Three repetitions were performed for each temperature range. Seven wood planks were used for the thermal treatment process, measuring 6 cm x 16 cm x 56 cm (thickness x width x length), placed in a covered metal box, separated by two iron bars of 1 cm in diameter.
This procedure was performed in order for gases to move through all sides of the wood (Figure 1 ). Besides that, nitrogen gas was inserted in the box, in order to prevent wood oxidation. The temperature inside the wood planks was monitored to ensure the homogeneity of heat treatment in the thermal treatment box.
This was done by arranging five thermocouples on the first and the sixth planks (of the existing seven planks), from top to bottom, which were named "top plank"
and "bottom plank". Thermocouples type K were connected to the "Agilent" data acquisition system. The thermocouples were installed 3 cm deep; two of them were positioned 3 cm far from the plank's edge, one in the center, all of them 8 cm far from the side width of the plank (Fig. 1) . Three thermocouples were used on the top plank and two were used on the bottom plank. The thermocouples positions were defined as: "front top plank", when positioned next to the access lid; "upper middle plank", when positioned at the center of the plank;
"upper bottom plank", when close to the bottom of the box; "lower front plank", when placed close to the access lid; and "lower center plank", when placed at the center of the plank.
Laboratory tests with subterranean xylophagous termites
The assay was performed at the Laboratory of Wood Bio- Paes et al. (2007; 2010; 2011; 2013) were followed:
specimens were placed in a 250 liters box, which contained a layer of ± 10 cm of moist sand. The box was supported by four ceramic blocks (eight-hole baking-bricks), arranged in aluminum trays with water, to avoid the escape of termites (Fig. 2) .
All the specimens were placed in the box, on randomized blocks (Fig. 2a) with six treatments (Corymbia citriodora) and seven treatments (Pinus taeda) with and 10
repetitions for each wooden species in a 250 liters box with 10 cm of sand (Fig. 2b ). There was a 5.6 cm space among blocks and a 4.5 cm space among treatments; specimens were fixed in the sand up to 1/3 of their height. The termite colony was collected at the city of Jerônimo Monteiro, in the State of Espírito Santo, Brazil. It was arranged on plastic crates and supported on termite-resistant wood blocks, then placed on the sand layer in the box, where the experiment was set. Specimens were exposed to the action of the Nasutitermes corniger termite during 45 days, in a temperature-controlled room (25 °C ± 2 °C and 65% ± 5% relative humidity). After finishing the assay, the specimens were dried and again weighed to assess the percentage of weight loss of specimens, caused by the attack of termites.
To analyze the efficiency of thermal treatment in the biological resistance of wood, we calculated the mass loss (%) and waste caused by termites on the specimens (Table 2 ).
The mass loss was corrected by subjecting specimens to the same test conditions, but without the termites.
Results evaluation
Because of the thermal treatment temperatures, we adopted a specific placement for the blocks, in order to 
Results
The variance analyses of mass loss and waste for Corymbia citriodora and Pinus taeda woods under food preference tests with Nasutitermes corniger termites showed that
Corymbia citriodora and Pinus taeda woods had a 1% significance mass loss and waste at the F test. The treatment means were compared through the Tukey test at 5% significance and are shown in tables 3 and 4, respectively.
It is possible to observe on table 3 that Corymbia citriodora wood had no large amounts of mass loss caused by termites. At the temperature of 160 °C, the mass loss was 7.25 times greater than at 100 °C (control) (consequently, the lowest score) which shows the highest wood waste. This was considered the worst temperature to be used; it is not statistically different from the temperature of 180°C, at which the mass loss was 3.11 times greater The analyses of Pinus taeda wood ( Variance analyses of species comparison between Corymbia citriodora and Pinus taeda for thermal treatment temperatures showed that the interaction between species and temperatures was significant. This interaction was unfolded and analyzed at the Tukey test at 5% significance (Table 5 ).
In table 5 it is seen that Pinus taeda wood showed better resistance than Corymbia citriodora, after they were thermally rectified at 160 °C. However, Corymbia citriodora wood was more resistant than Pinus taeda, after they were thermally rectified at 200 °C, because these were the only treatments in which the mass loss means statistically differed from 5% significance.
The waste scores at 100 °C (control) were the only means that did not statistically differ. The other thermal treatment temperature level means differed statistically:
the highest ones were at 160 °C and 240 °C, for Pinus taeda, and at 180 °C, 200 °C and 220 °C for Corymbia citriodora. 
dIscussIon
In table 3, it was observed that Corymbia citriodora wood at the temperature of 100 °C had no major mass loss. This may be related to the species used, which shows high natural resistance, when compared to other fast growing species. The wood resistance is related to the class and content of extractives (Findlay, 1985) , and this allows us to conclude that the higher the content of extractives (and mainly ashes), the more reduced will be the waste caused by termites on the wood (Paes et al., 2013) .
It is possible to observe that the 240 °C temperature resulted in greater waste than control temperature (100 °C), since the lower the score, the higher the waste caused on the wood by the termite. However, the mass loss at control temperature level was greater than at 240 °C. This may have occurred because of the thermal treatment process, in which the wood loses mass, becoming less dense; the termite may have consumed more wood material, but the consumed material was slightly less dense.
In addition to that, the subjectivity of waste data et al. (2006) . Because of the fact that termites attack the borders of these cracks, there is an impression of greater waste. The same situation was found when comparing the control sample to the 160 °C temperature.
For Pinus taeda wood (Table 4) , it is possible to notice that higher mass losses and, consequently, smaller waste scores were observed in thermally rectified specimens starting at 180 °C, up to 200 °C. This may happen due to the evaporation of wood's resin, which shows some resistance to the employed termites, once the control specimens (100 °C) showed little mass loss to the termites.
As Pinus taeda wood shows low natural resistance to various xylophagous organisms, it was hoped that it would show low natural resistance to the tested termite. Paes et al. (2007; 2010; 2011; 2013) had also observed that Nasutitermes genus termites do not attack much Pinus sp woods. Supriana (1985) cited that this may be related to the habits of termites, which do not attack wood 
